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Square-well potential

1 Consideration
Particle is bound in square-well
Potential (V) Is zero at long range

R d*y(x)

= “om a2 TV(@)W() = E¢(z).
0 ul 0>E>Vo, (Vo<0)
\ Ei<D) /
\ /[“V(x,i d* 2 2 _ 2m|E|
% dz Y =0 K==

lL‘(J.") =A eK"" 4 BC-K:’ K = 2m lEl
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General solution: -q;,(x):{Bf‘""‘ (in the region of V'(z) = 0 for z > 0),

Aef*  (in the region of V(z) = 0 for z < 0).




Eigenstate
i

o Square-well o Harmonic oscillator
The number of the possible bound o Energy eigenvalue is fiw
states depends on the value of «*14

Enfrgy Energy
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:"‘: The thick solid curves are the wave functions.
(0) (0) : the ground state
(1) (2) (3) ... :the excited states
-V,
The thick solid curves are the wave functions.

(0) : the ground state
(1) (2) (3) ... :the excited states




Particle in box

W(x) =Asinkx, W(0)=W(L)=0 g%

L

jw‘wx =j A sinz[%x]dx =1
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F sin(ﬂx) ’
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"2 4nm/L "

e

2 . nm
x = 0 at left wall of box. Y, (x)= J%SlnTx n=123,..



Finite potential well
B

2 32 -
~h a‘l'(x)=(E_U0)‘P(x) a=J2"'(U° E)=W

2m  Ox° h?
-A = 0 £ 2
2 U, 0 ¥(x) _ az.*,(x) with general solution
axz of form:
co 2 Y(x)=Ce“+De™
n= 6, 88.8 eV
U0= 649V
n=5,61.7 eV n=§6, 63.3 eV
n= 5, 46,7 eV
n=4, 39.5 eV
B ;2'" UU n=4, 30.5 eV
B-‘i'l r; n=3, 22.2 gV
\ h fi=3,17.4 8V
21,2 - o
. h'k n=2, 9.87 eV =2 776 8V
- m n=1, 247 aV¥ n=1,1.85aV
Infinite well Finite waell
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Even solution of finite box

xX= '_2£ 0 -%-
Uo
Bcoskx
Ce™* De™*
Lowest aven
wavefunction

The condition of continuity for the wavefunction
at the boundaries gives:

Ce ™2 = Beos(—kL 1 2)

De™"? = Bcos(kL /2)

The condition of continuity for the derivative of the
wavefunction gives:

aCe Y2 = —kBsin(—kL /2)

aDe *M? = _kBsin(kL / 2)
Dividing either of these two sets gives:

so C=D

a=ktan-k2£= B’ -k’




Odd solution of finite box
T

The condition of continuity for the wavefunction
at the boundaries gives:

—all2 _ sl _—L L
Ce = Bsin(—kL/2) s C=-D x==3* 0 ¥
De™ M2 = Bsin(kL /2) Bsinkx | Yo

ax
The condition of continuity for the derivative of the Ce
wavefunction gives: De ™™

oCe™™? = kBcos(—kL / 2)
—aDe™ % = kBcos(kL 1 2) wavelunction

Dividing either of these two sets gives:




Quantum harmonic oscillator

9
Potential energy
of form Energy
%kxz ? Transition
\ . energy /
n=4 Y -
\ ; ffu‘: 1
n= : En=(n+ < )ho
1 1 = L2 = angular frequency X f i .
Vix)= Ekxz = Emmzx : m n=2 - t
@ =27 - frequency n=1 '
' 1
n=0 Eo=2f0

- _ Internuclear se tion X
%=_Cge ax¥2, u para

2
W(x)=Ce 2
(x) dz"l’ - _Cae-axzn + Cazxze-alez
dxz
—[-a+ azxz]‘l’ + lma)zxz‘i’ =EY
2m 2

322
Mo +lma)2=0 o=—
2m 2 h




Quantum harmonic oscillator

2 Ax = position uncertaint
g=8P" 1 o2Axy po Y

2m 2 Ap = momentum uncertainty
AxAp = — E= 1 202
XAp 2 S )2+2mco(Ax)

Minimizing this energy by taking the derivative with respect to the position
energy and setting it equal to zero gives

h? ” h
- 7+ mw°Ax = 0 Ax=_ |——
4m(Ax) 2m@

2
h 2+lmm2(m)2=hm+h(o=hco
8m(Ax)” 2 4 4 2

EO=



Barrier penetration
i

o Tunneling effect

According to classical
physics, a particle of
energy E less than the
height U, of a barrier
could not penetrate

The wavefunction
associated with a free
particle must be
continuous at the
barrier and will show
an exponential decay
inside the barrier

incident

-h? al'-l"(x)

Classically
forbidden
Uo region
E
particle energy
incoming particle :
wavefunction : :
. particle wavefunction
+ past the barrier

‘Pe"ﬁ/\/

Reduced probability,
but not reduced
energy!

2m  ox* B [_E—U,,)\-]’(.r]

Y = Ae % yhere a = |-2m]'UU—l'._]
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#2194 Do)

(Z) I geiger counteris (1) Radioactive material has
triggered, hammer falls 2 50:50 chance of triggering
— e joer colllter o e
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Schrodinger's Cat
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AMMA =

decoherence

Ly 3
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